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Introduction
The ciliate family Metopidae Kahl, 1927 (order Armophorida Jankowski, 1964 consists mainly of free-living taxa inhabiting anaerobic or microaerobic biotopes (Lynn 2008) . Over 90% of the species are classified in two of its nine genera, Metopus Claparède & Lachmann, 1858 and Brachonella Jankowski, 1964a (Lynn 2008 . Since the revision of Metopus by Esteban et al. (1995) , only a few detailed morphologic and molecular studies of metopid taxa have been published (Bourland et al. 2014; Çapar 2007; Foissner and Agatha 1999; Foissner et al. 2002; Vd'ačný 2007) . Study of the Armophorida (i.e. caenomorphids and metopids) and its relationship to other orders is further hampered by the lack of corresponding morphologic data for most of the taxa with available gene sequences (Paiva et al. 2013) . Consequently, the taxonomy and the phylogeny of the metopids remains unresolved and in need of much broader taxon sampling.
A recent 18S rDNA phylogeny of morphologically characterized armophorids, including eight new single-cell metopid sequences, provided strong evidence that, at least from a molecular standpoint, the genera Metopus and Brachonella are nonmonophyletic (Bourland et al. 2014) . Kahl, 1926 and Brachonella galeata (Kahl, 1927) Jankowski, 1964b formed a clade with moderate to strong support in Maximum Likelihood and Bayesian analysis respectively. Monophyly of this clade was not rejected by the AU test (Shimodaira 2002) . Despite a close molecular relationship no obvious morphologic synapomorphies for this clade were evident based on the previous descriptions (Jankowski 1964b ; Kahl 1926 Kahl , 1927 . In this report we present a detailed morphologic and morphometric study of these two species, proposing at least two important morphologic synapomorphies, and (Vd'ačný and Foissner 2012) . In vivo measurements were made from photomicrographs of freely swimming cells. Counts and measurements were made at magnifications of 630-1000×.
Ciliates identified as Metopus violaceus
Measurements were made directly with an ocular micrometer and also from microphotographs using calibrated software. Statistical analyses were performed using MedCalc for Windows, version 11.2 (MedCalc Software, Mariakerke, Belgium). Drawings were based on microphotographs.
Terminology. Terminology is according to Bourland et al. (2014) , Foissner and Agatha (1999) , and Lynn (2008) . Suprageneric classification is according to Lynn (2008) . We refer to the two parts of the adoral zone as (1) the "buccal part" (composed of ordinary membranelles and limited to the buccal cavity) and (2) the "distal part" (small membranelles with one or no cilia on the postoral somatic cortex).
Results and Discussion
Class Armophorea Lynn, 2004 Order Armophorida Jankowski, 1964 Family Metopidae Kahl, 1927 Genus Brachonella Jankowski, 1964a
Improved diagnosis. Medium-sized Metopidae, appearance bulky; usually with cortical granules; disproportionately large preoral dome overhanging elongated adoral zone of membranelles, adoral membranelles composed of long files of basal bodies, in deep groove spiraling in reverse S-shape around entire body, pitch of adoral zone spiral variable; paroral membrane a single file of basal bodies; cytostome displaced posteriorly. 8 revision, transfer to new genus Brachonella and fixation as type species of Brachonella (Atopospira); without description or illustration).
1964 Brachonella (Atopospira) galeata -Jankowski, Arch. Protistenk. 107, 192, Fig. 22a, b (taxonomic revision, brief description of Russian population).
1979 Brachonella galeata - Löffler, Monograph. biol. 37, 491 Paroral gives rise to inconspicuous anteriorly directed funnel of cytopharyngeal fibers. We found only a single silver-impregnated late divider indicating reproduction occurs in the freeswimming state and not in cysts (Fig. 49) . The details of morphogenesis remain to be determined. Conjugants and cysts were not observed.
Occurrence and ecology. Atopospira galeata inhabits sulfidic bottom sediments in lentic habitats. Kahl (1927) discovered A. galeata in the sapropel of a stream feeding a bog in Germany during August. Jankowski (1964b) found it in a forest pond in Russia during June. Atopospira galeata has also been reported (without illustration) from Austria (Löffler 1979 Atopospira galeata feeds exclusively on purple sulfur bacteria (probably Lamprocystis roseopersicina). We recently studied an abundant mesocosm population in early spring (March 2014) . In addition to food vacuoles with the usual coccoid sulfur bacteria, cells contained long, thin rod-shaped cytoplasmic bacteria (Figs 47, 48) . These appeared to be transient endosymbionts since they disappeared after several weeks. Prior to this observation we had never seen endosymbionts in this species during nearly ten years of careful study. The possibility that these were food organisms seems unlikely but cannot be excluded. Endosymbionts were not observed in the original stream population.
Comparison with original description and related species. The Idaho population matches the original and subsequent descriptions and illustrations by Kahl (1927 Kahl ( , 1931 Kahl ( , 1932 very closely in all respects. The size given in Kahl's last redescription differs significantly (80 μm vs. 40-60 μm) from the original description and second brief redescription. An error in measurement cannot be excluded (Foissner and Wenzel 2004) . Kahl (1927) cytostome under buccal lip proximally, usually one or both files with a few unciliated basal bodies distally; about 5 μm long stiff cilia. Paroral gives rise to funnel of cytopharyngeal fibers, curves into preoral dome on right. We found only one late divider in silver-impregnated specimens, confirming that division occurs in the free-swimming state as in A. galeata (Fig. 50) .
The details of earlier stages of morphogenesis are unknown. We found no conjugants or cysts .
Occurrence and ecology. Like Atopospira galeata, A. violacea inhabits sulfidic bottom sediments in lentic habitats and very slow-flowing streams. Kahl (1926) discovered A. violacea during spring in a pond with abundant Rhodobacteria near Hamburg, Germany. A report in a species list from the Potomac River, U.S.A. is not accompanied by a description or illustrations (Patrick 1996) . The type locality for the Idaho population is a eutrophic pond near Boise, Idaho Comparison with original description and related species. The Idaho population matches Kahl's (1926) original description and subsequent redescriptions (Kahl 1927 (Kahl , 1931 (Kahl , 1932 very closely. The illustrations show slightly elongated posterior cilia (Kahl 1931 (Kahl , 1932 but they are mentioned only in the last redescription (Kahl 1932) . Kahl (1926 Kahl ( , 1927 Kahl ( , 1931 Kahl ( , 1932 depicted a serrated posterior margin, supposing that each pellicular rib extended posteriorly as a short projection, (Figs 50a,b, 51-53a) . However, study of the Idaho population by DIC (in vivo), silver impregnation and SEM shows that the right and left side ribs coalesce into two slightly offset dentate processes separated by a smooth pellicular concavity giving the truncate posterior margin a bicuspid outline in dorsal and ventral views (Figs 23, f, 35, (41) (42) (43) . The Idaho population differs significantly from Jankowski's (1964b) pairwise difference between their 18S rDNA sequences (Bourland et al 2014; Jankowski 1964b ; Kahl 1926 Kahl , 1927 Kahl , 1931 Kahl , 1932 . Atopospira violacea differs from M. fastigatus in size (95-133 vs.
40-50 μ) and outline (presence vs. absence of bicuspid posterior margin). (Fig. 60) . The 18S rDNA gene sequence for A. galeata is 1670 nucleotide pairs in length and that of A. violacea is 1671 bp long.
Molecular characterization and phylogeny of metopids
These two taxa form a well-supported clade in phylogenetic analyses (Bourland et al. 2014 ). The pair wise distance between the 18S rDNA sequences of A. galeata and A. violacea and Brachonella spiralis is 10.5% and 10.6% respectively. The distance between A. galeata and A. violacea is 2.4%. The mean distance between four Metopus species (M. laminarius, M. setosus, M. striatus and M. fuscus) is 6.3%. The distances between these Metopus species and B. spiralis range from 9.9-10.9%. Phylogenetic studies at the suprageneric level support a sister group relationship to the Litostomatea (Paiva et al. 2013; Vd'ačný et al. 2010 ).
Generic classification of Atopospira galeata and A. violacea. Jankowski (1964a) erected the genus Brachonella and split it into two subgenera, Brachonella (Brachonella) (type species: Metopus contortus Levander, 1894) and Brachonella (Atopospira) (type species:
Metopus galeatus Kahl, 1927) . In that same year (1964b) he provided the following diagnoses: Silver impregnation studies demonstrating a bipartite adoral zone first suggested that M.
violaceus Kahl, 1926 might belong to a new genus. This impression was strengthened when SEM findings showed a diplostichomonad paroral instead of the stichomonad morphology found in Metopus species and Brachonella spiralis (Bourland et al. 2014; Dragesco and DragescoKernéis 1986; Foissner and Agatha 1999; Foissner et al. 2002) . Molecular studies confirmed that M. violaceus had a large (9.9%) pairwise distance from the most closely related Metopus, M. laminarius (Bourland et al. 2014 ). The molecular phylogeny showed an unexpected affinity between M. violaceus and Brachonella galeata (Kahl, 1927 ) Jankowski, 1964 . Further silver impregnation and SEM studies showed this species to share the morphologic characters of a diplostichomonad paroral and a bipartite adoral zone like that of M. violaceus. Furthermore, the type species, Brachonella contorta (Levander, 1894), lacks these morphologic characters and also lacks a close molecular relationship with B. galeata (Bourland et al. 2014; Dragesco and Dragesco-Kernéis 1986; Jankowski 1964b ). The molecular and morphologic evidence warrants placement of both species in a separate genus, Atopospira Jankowski, 1964a nov. stat.
Atopospira galeata nov. comb. is the type species (ICZN 1999, Article 61.2.2). We propose that
Brachonella mitriformis, B. campanula, B. cydonia, B. fastigata, B. pyriforme, B. lemani, and B. intercedens remain in the genus Brachonella Jankowski, 1964a pending further molecular and morphologic characterization of these species and other metopids (e.g. the 18s rDNA of Metopus es, type species of Metopus, has not yet been sequenced). In addition to broader taxon sampling for morphologic and molecular studies, future investigations of morphogenesis are needed to shed light on the relationships among the Metopidae. As yet, few such studies have been done due, in part, to the rarity of dividers even in well-populated raw cultures. Foissner and Agatha (1999) speculated that division in cysts might account for the rarity of free-swimming dividers in raw cultures of metopids. Division in the free-swimming state is likely a plesiomorphy of the Metopidae (Bourland et al. 2014 , Esteban et al. 1995 Foissner and Agatha 1999; MartinGonzales et al. 1988) . CV, coefficient of variation (%); M, median; Min, minimum; Max, maximum; n, number of individuals studied; P, protargol; SC, silver carbonate; SD, standard deviation. 
